phosphorus, 0.1%; and ash as sodium, 0.8%. The polymer is made of D-arabinose and D-galactose in a molar ratio of 3:1, and no other sugars were detected. Mild hydrolysis liberates mainly arabinose. The polysaccharide consumes 3.46,umoles of periodate per mg of polymer in 15 days at 4 C (this value remains constant after 4 more days). Oxidation results in destruction of two of the arabinose, with the formation of two glycerols after borohydride reduction and hydrolysis. The polysaccharide oxidized by periodate and reduced under mild acid hydrolysis at 20 C yields glycerol and a polymer formed by galactose and arabinose (in a ratio of 1:1) which is resistant to a second oxidation. Therefore, the polysaccharide is probably formed by a main chain of glactose linked 1,3 and arabinose linked 1,2 or 1,3 or both, and nonreducing side chains of arabofuranose residues. The intact polysaccharide cross-reacts with sera from patients with active tuberculosis, and this, as well as the homologous reaction, is abolished by oxidation with periodate.
Isolation of two types of immunologically active polysaccharides from strains of Nocardia asteroides and N. brasiliensis was previously reported (Zamora, Bojalil, and Bastarrachea, 1963) . One of the polysaccharides from each of the two species contained arabinose, galactose, and mannose, but in different ratios; these polysaccharides were found to be species-specific. However, the other polysaccharides (Poly I Na; Poly I Nb) were identical and contained only arabinose and galactose in approximately the same molar ratio; they both cross-reacted with heterologous anti-Nocardia sera and were groupspecific. Furthermore, these polysaccharides cross-precipitate with sera from patients with active tuberculosis, leprosy, and mycetoma , giving a single band of identity in double-diffusion agar-gel tests. Another polysaccharide which is probably related was isolated from N. asteroides, but under more drastic conditions (Bishop and Blank, 1958) ; however, its immunological activity was not tested. The present paper deals with an immunochemical study of the group-specific polysaccharide from N. brasiliensis (Poly I Nb).
MATERIALS AND METHODS Purification of polysaccharide. A 200-mg amount of crude polysaccharide from N. brasiliensis was obtained by the method previously described . This material was further purified as follows. The polysaccharide was dissolved in 150 ml of cold distilled water and mixed in a Waring Blendor with an equal volume of a mixture of cold chloroform-n-butanol, 4:1 (Sevag, 1934) . The denatured protein layer was eliminated by centrifugation. This treatment was repeated until no more protein was detected in the middle layer. The solution of polysaceharide was shaken in a separatory funnel with an equal volume of ether, and the water layer was separated (160 ml). Neutralized 30% sodium acetate (20 ml) was added to this solution, and the polysaccharide was precipitated with 2 volumes of cold ethyl alcohol, centrifuged, washed three times with 65% ethyl alcohol followed with absolute ethyl alcohol and acetone, and finally was dried to constant weight in vacuo under phosphorus pentoxide, yielding 160 mg of the product.
Nitrogen in the polymer was found to be 0.5% by use of Markham's (1942) (1925) . Ash was determined as sodium to be 0.8%, and no O-acetyl was found in a dialyzed sample by the method of Hestrin (1949) .
Determination of sugars and glycer ol. Sugars were usually analyzed by use of the phenolsulfuiric method (Dubois et al., 1956 ). Reducing sugars were also determined by the method of Park and Johnson (1949) . Galactose was determined by galactose oxidase (Avigad et al., 1962) , and glycerol by means of the glycerol dehydrogenase (Hagen, 1962) .
Chromatography. Paper chromatograms for sugars and polyols were run in (i) n-butainol-ethyl acetate-acetic acid-water (30:30:6: 10, v/v; Zammora et al., 1963) , (ii) n-butanol-pyridine-waterbenzene (5:3:3:1; Jeanes, Wise, anid Dimler, 1951) , and (iii) n-butanol-ethyl alcohol-water-ammonia (30:10:49:1; Block, 1952) . The following sprays were used: for reducing sugars, aniline oxalate (Partridge, 1950) ; for sugars and polyols, silver nitrate ammonia (AgNO3-NH3 ; Block, 1952) and periodate benzidine (Cifonelli and Smith, 1954) .
Oxidation with periodate. Oxidation with periodate was carried out at 4 C in the dark. Constumption of periodate was determined according to Dyer (1956) , but it was necessary to wait 15 to 20 min after addition of the arseniite before titration with iodine.
Immunological procedures. Antisera against N. brasiliensis were obtained by use of the method of Zamora et al. (1963) . Sera from patients with active tuberculosis were obtained from the Hospital General de M&xico. Agar precipitation was carried out in 1% agar plus 0.85%o NaCl (pH 6.0 to 6.5) in Ouchterlony (1949) plates. The plates were incubated for 24 to 48 hr at 25 or 4 C in a desiccator to avoid evaporation.
RESULTS
Sugar configuration and molar ratios. Purified polysaccharide (50 mg) was hydrolyzed in 1 N H2S04 during 6 hr at 100 C in a sealed tube. The hydrolysate was neutralized with Amberlite IR4B OH-, concentrated under reduced pressure in a rotator evaporator, and the components were separated by paper chromatography. The sugars were localized in a cut parallel strip with AgNO3-NH3. From the main paper, the areas corresponding to the sugars were cut and eluted with 5 ml of water; as a blank, a paper strip without sugar was treated in the same way. Sugars were determined in appropriate dilutions by use of the phenol-sulfuric method with the corresponding sugars as standards: Poly I Nb galactose, 220 Ag/ml (1.2 Amoles); Poly I Nb arabinose, 530 ug/ml (3.5,moles). The ratio of arabinose to galactose was 3: 1.
For the configuration, solutions of both sugars were made at a concentration of 10 mg/ml, and their specific rotation ([a] Mllild acid hydrolysis. PolY I Nb (10 mg) was hydrolyzed with 10 ml of 0.025 N oxalic acid for 3.5 hr at 80 C in a sealed tube. The material was neutralized with Amberlite IR4B, concentrated, and sel)arated by paper chromatography. The paper was sprayed with AgNO3-NH3, giving a strong spot corresp)onding to arabinose and another spot near the starting line. Galactose was not detected.
Oxidation by periodate. Poly I Nb (55 mg) was dissolved in 27.5 ml of water, and 10.0 ml of 0.1 M NaIO4 were added. A control was run at the same time containing 27.5 ml of water and 10 ml of 0.1 M NaIO4. The samples were left at 4 C in the dark for 15 davs, and 2-ml portions were taken from each sample in triplicate. The consumption of periodate was determined by the method of Dyer (1956) and calculated as described by Guthrie (1962) . Under these conditions, 1 mg of polysaccharide consumed 3.46 ,umoles of periodate. This value remained constant after 4 more days. No formic acid was detected by titration in a 10-nl sample. A 15-ml sample of the above oxidized polysaccharide was mixed with the sample used in formic acid determination and dialyzed three times, 44 hr each time, against 1 liter of water at 4 C. To the nondialyzable material, 75 mg of sodium borohydride were added; the mixture was left for 48 hr at 4 C, dialyzed as above, and concentrated under reduced pressure to 5.0 ml. A 1-ml amount of 2 N H2SO4 was added to a 1-ml sample of this solution and hydrolyzed for 5 hr at 100 C in a sealed tube. This solution was neutralized with Amberlite IR4B, concentrated, separated by paper chromatography in solvents i and ii, and sprayed with AgNO3-NH3, benzidine periodate, and aniline oxalate. When sprayed with AgNO3-NH3 and benzidine periodate, three spots were detected corresponding to galactose, arabinose, and glycerol. The glycerol spot was absent when the solvents were sprayed with aniline oxalate.
Quantitative determination of products from periodate oxidation. To a 3.0-ml sample of the above oxidized and reduced material Poly I Nb, I04-, BH4-), 3.0 ml of 2 N H2SO were added and the mixture was heated for 5 hr at 100 C in a sealed tube, neutralized as before, concentrated, V'OL. 90, 1965 GROUP-SPECIFIC POLYSACCHARIDE OF N. BRASILIENSIS and separated by paper chromatography in solvent i over a 48-hr period. The sugars and glycerol were obtained as described above. Sugars were analyzed in the samples by use of the phenol-sulfuric method: galactose, 630 ,ug/ml; arabinose, 583 ,g/ml (3.5 and 3.8 ,umoles, respectively). Glycerol was determined in a sample by means of glycerol dehydrogenase (Hagen, 1962) , yielding 662 ,g/ml (7.2,moles) of glycerol. Therefore, the molar ratio of galactose-arabinoseglycerol is close to 1: 1:2.
Hydrolysis at 22 C and second treatment with periodate. To 0.8 ml of Poly I Nb 104-, BH4-from above, 0.8 ml of 2 N H2SO4 was added and left for 44 hr at 22 C. The solution was neutralized with Amberlite IR4B and dialyzed twice against 1 liter of distilled water at 4 C. The dialyzable, as well as the nondialyzable, material was combined and concentrated. The dialyzable material gave a negative test for sugars with phenol-sulfuric acid and with the Molisch test (Kabat and Mayer, 1961) ; however, when it was chromatographed in solvents i, ii, and iii, a spot corresponding to glycerol appeared upon spraying with AgNO3-NH3 but no spot appeared upon spraying with aniline-oxalate. A 1-ml sample of the nondialyzable material was hydrolyzed with 1 ml of 2 N H2SO4 at 100 C for 6 hr, and chromatographed in solvent i. Only two spots, of approximately the same intensity, corresponding to galactose and arabinose appeared upon spraying with aniline oxalate and AgNO3-NH3 .
Agar precipitation. Ouchterlony (1949) D-Arabofuranose was found as a constituent of polysaccharides in other acid-fast microorganisms, such as MIycobacterium tuberculosis, Mll. bovis, and N. asteroides (Stacey and Barker, 1960) , supporting a relationship among them.
The cross-reaction of Poly I Nb with sera from patients with active tuberculosis suggests the possibility of a related polysaccharide in M. tuberculosis or at least a similar "antigenic determinant" in this organism. The abolition of the precipitation reaction after oxidation of Poly I Nb in sera of patients with tuberculosis suggests that D-arabofuranose in the side chain seems to be the sugar responsible for the crossreactions.
